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I .  INTRODUCTION AND STATEMENT OF PROBLEM
A rev iew  of th e  l i t e r a t u r e  i n d i c a t e s  c o n f l i c t i n g  
ev idence  w ith  re s p e c t  to  th e  Isopod , which may have been 
th e  r e s u l t  o f a f a i l u r e  to  f i r s t  d e te rm in e  th e  eco logy  
and a p p a ra tu s e s  most a p p r o p r ia te  f o r  stçtdying th e  
organism . The fo l lo w in g  s t u d i e s  b o th  stmaaarize r e s e a rc h  
and p o in t  to  th e  need to  s u i t  th e  l a b o r a to r y  enviroimient 
to  th e  organism .
W oodlice, an Isopod, g e n e r a l ly  l i v e  in  n ic h e s  
which have a h ig h  m o is tu re  c o n te n t ,  such a s  b en e a th  f a l l e n  
lo g s ,  p i l e s  of l e a v e s ,  or c r e v ic e s  in  th e  ground. Humidity 
has  been a c cep ted  a s  th e  p rim ary  p h y s ic a l  s t im u lu s  which 
c o n t r o l s  bo th  degree  o f a c t i v i t y  and ch o ice  o f e c o lo g ic a l  
n ic h e  in  th e  woodlouse (Edney, 1954, 1960; W alo ff, 1941; 
Gunn & Kennedy, 1936). M oreover, h u m id ity  f a c t o r s  i n t e r a c t  
w ith  tem p e ra tu re  and l i g h t  c o n d i t io n s  in  c o n t r o l l i n g  th e  
Isopod*s b eh a v io r  (Warburg, 1964).
Woodlice te n d  to  a g g re g a te  in  m ois t p la c e s  and 
av o id  d ry  p la c e s  by means o f o r t h o k in e s i s .  In  o th e r  w ords, 
th e  woodlouse moves more r a p id ly  i n  d ry  th a n  m o is t  a i r
1
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(Gunn, 1937I Gunn, Kennedy, & P te lo u ,  1937; P a t l a k ,  1953)* 
Although u s u a l l y  p h o to n e g a t iv e  (A b b o tt ,  1918; B an ta , 1910; 
Blum, 1935), th e  woodlouse can g iv e  a p o s i t i v e  p h o to -  
t r o p o ta x l s  ( o r i e n t i n g  d i r e c t l y  tow ard a l i g h t  s o u rc e ) ,  
u s u a l ly  a f t e r  a sudden r i s e  In  te m p e ra tu re  o r a p e r io d  
o f s t a r v a t i o n  o r  d e s s i c a t i o n  (Henke, 1930).
O r ie n ta t io n  o f  th e  Isopod may a l s o  be t e l o t a x l c :
I f  t h e r e  a r e  two eq u a l so u rc e s  o f s t im u la t io n  In  th e  same 
m o d a li ty ,  th e  an im al can o r i e n t  tow ard one o r  th e  o th e r ,  
su g g e s t in g  t h a t  th e  In f lu e n c e  of one o f th e  s t im u l i  must 
be I n h ib i t e d  (H lnde, 1966). A lso , th e  Isopod I s  cap ab le  
of making a l i g h t  compass r e a c t i o n ,  In  which th e  sou rce  
o f l i g h t  se rv e s  a s  a f ix e d  p o i n t ,  e n a b lin g  I t  to  m a in ta in  
a d e f i n i t e  an g le  between th e  d i r e c t i o n  of m otion  and th e  
l i g h t  sou rce  (Buddenbrock, 1917). F u r th e r ,  g e o t a c t i c  
re sp o n se s  can be g iv e n ,  and have been e x p e r im e n ta l ly  
d e s tro y e d  by e x t i r p a t i o n  o f th e  s t a t o c y s t  (Langenbuch, 
1928). Moreover, a l th o u g h  ev id en ce  f o r  form v i s i o n  I s  
n o t  a v a i l a b l e  (F ra n e k e l  & Gunn, 1961), s k o to t a x l s ,  o r  
th e  o r i e n t a t i o n  tow ard d a rk n e s s ,  has  been d em o n stra ted  by 
A lv erd es  (1930 ). F i n a l l y ,  th lg m o k ln e s ls ,  o r  slow ing down 
o r  s to p p in g  when In  c o n ta c t  w ith  a s u r f a c e ,  h as  been
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dem onstra ted  by F r le d la n d e r  (1 9 6 4 ) , and i s  p a r t  of th e  
tendency  o f  th e  an im al to  form a g g re g a t io n s  (A l le e ,  1926), 
Isopods show a l t e r n a t i o n  in  a T maze (Hughes, 1966; 
D ing le , 1962, 1965). Three d i f f e r e n t  h y p o th ese s  e x p la in in g  
a l t e r n a t i o n  b e h a v io r  i n  a l l  an im als  have been o f f e r e d ,  
S c h n e i le ra  (1929) a rgued  fo r  " c e n t r i f u g a l  sw in g ,” which 
i s  th e  tendency  o f  th e  organism  to  c o n t in u e  outward in  a 
c i r c u l a r  fa sh io n  from th e  d i r e c t i o n  o f  th e  r e c e n t l y  com pleted  
t u r n .  D a s h ie l l  and B ay ro ff  (1931) su g g es ted  t h a t  th e  
an im als  e s t a b l i s h e d  a " fo rw ard -g o in g "  ten den cy  d u rin g  
th e  s t a r t  a l l e y  ru n ,  and th e  l a t e r  tu r n  was th e  c o r r e c t i o n ,  
H ull (1943) h y p o th e s iz e d  r e a c t i v e  i n h i b i t i o n :  once a
respo nse  i s  made, an i n h i b i t i o n  i s  b u i l t  w i th in  th e  organism  
fo r  a n o th e r  re sp o n s e .  T e s ts  o f th e s e  h y p o th eses  w ith  
r e s p e c t  to  th e  Isopod were u n d e r ta k e n  by S achs, K lo p fe r ,  
and Morrow (1965) i n  th e  absence o f re in fo rc e m e n t .  The 
s u b je c t s  (S s) were fo rc e d  to  make a number o f r i g h t  tu r n s  
in  s u c c e s s io n ,  u s in g  squ are  mazes w i th  a g e o m e tr ic a l  
in c r e a s e  i n  th e  d i s t a n c e  between t u r n s .  The Ss were th e n  
run  i n  a s ta n d a rd  T maze, i n  which th e  h y p o th e s is  o f 
r e a c t i v e  I n h i b i t i o n  b e s t  acco u n ted  f o r  tu r n  a l t e r n a t i o n  
reaponaea.
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T maze tu r n  a l t e r n a t i o n  s tu d i e s  w ith o u t  r e i n f o r c e ­
ment were a l s o  conducted  by Iwftta and Watambe (19 57 ).
By fo rc in g  one o r  two r i g h t  t u r n s ,  th e y  in c re a s e d  th e  
number o f  l e f t  tu r n s  made to  100%. However, a d e c re a se  
in  th e  number o f  l e f t  t u r n s  was n o ted  by in c r e a s in g  th e  
le n g th  of th e  maze stem . A l t e r n a t io n s  d e c re a se d  
p r o p o r t io n a te ly  w i th  d i s t a n c e  a f t e r  th e  i n i t i a l  t u r n s  
were made.
In  a n o th e r  s tudy  of tu r n  a l t e r n a t i o n  in  th e  absence 
o f re in fo rc e m e n t ,  Kupferman (1966) a s c e r t a in e d  t h a t  th e  
mean tu r n  a l t e r n a t i o n  an g le  i s  a l i n e a r  f u n c t io n  o f  th e  
an g le  o f th e  i n i t i a l  fo rc e d  t u r n ,  bu t i s  independen t of 
th e  d i s ta n c e  between th e  fo rc e d  tu r n  and th e  c h o i c e - p o in t , 
over a range o f  5-20 c e n t im e te r s .  He concluded  th a t  
t u r n  a l t e r n a t i o n  In v o lv es  a form of s h o r t - t e r m  memory.
Iwahara (1963) d id  a s tu d y  t e s t i n g  t h r e e  h y p o th eses  
f o r  a l t e r n a t i o n ;  r e a c t i v e  i n h i b i t i o n ,  c e n t r i f u g a l  swing, 
and " th ig m o tro p lsm ,” which i s  th e  tendency  o f th e  organism  
t o  c o n s i s t e n t l y  a t te m p t to  s ta y  i n  c o n ta c t  w i th  one w a l l  
o f  th e  maze. Using a T maze, he found no e f f e c t s  o f p r i o r  
e x p e r ie n c e  on tu rn in g  re sp o n s e s ,  a l l  a l t e r n a t i o n  b e in g  due 
m ere ly  to  chance . Then, a T maze was c o n s t ru c te d  w i th  a
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c e n t r a l  stem d i v i d e r .  Troplsm s were o bserved  In  a l l  th e  
Ss. T h e ir  o r i e n t a t i o n  tow ard  one w a l l  was c o n s i s t e n t  
f o r  any one I n d iv id u a l .
Bock (1943) was th e  f i r s t  i n v e s t i g a t o r  t o  a n a ly z e  
th e  e f f e c t s  o f  re in fo rc e m e n t  upon Isopod tu r n in g  b eh a v io r  
in  T and Y mazes. He u sed  an a v e r s lv e  s t im u lu s ,  t n  th e  
form o f a l i g h t  to u ch  upon th e  back of th e  S w i th  a f i n e  
b ru sh  t o  p u n ish  e r r o r s .  T h is  n e g a t iv e  re in fo rc e m e n t ,  
a long  w ith  t a c t i l e  cues (a  rough maze f l o o r )  produced 
l e a r n in g .
Using e l e c t r i c  shock a s  a n e g a t iv e  r e in f o r c e r  in  
a T maze s tu d y , Thompson (1957) a t te m p te d  to  r e v e a l  th e  
p re se n c e  of l e a r n in g  s e t s  th ro u g h  th e  r e v e r s a l  of a p o s i ­
t i o n  h a b i t  in  i n v e r t eiÿrate b e h a v io r .  However, he was n o t 
s u c c e s s fu l .
H a r le s s  (1 9 6 3 ), u s in g  Y mazes, was th e  f i r s t  to  
u t i l i z e  l i g h t  a s  a n e g a t iv e  re in fo rc e m e n t .  Isopods in  
h e r  experim ent were t r a i n e d  to  tu r n  a g a in s t  p r e f e r e n c e .
An e r r o r  was pun ish ed  by tu rn in g  on th e  l i g h t .  She was 
a b le  t o  d em o n s tra te  c l e a r l y  th e  a c q u i s i t i o n  of a p o s i t i o n  
h a b i t  w ith o u t  th e  a d d i t i o n  of t a c t i l e  cues a s  u sed  by Bock 
(194 3 ) .
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F i n a l l y , Morrow (1966) I n v e s t i g a t e d  Isopod l e a r n in g  
a b i l i t y  w ith  two ty p e s  o f n e g a t iv e  re in fo rc e m e n t .  Ss 
were t r a i n e d  in  a Y maze to  t u r n  o p p o s i te  p r e f e r e n c e  to  
a c r i t e r i o n  o f  8 ou t o f 10 c o r r e c t  t u r n s  p e r  day f o r  two 
days. H alf  th e  Ss were r e in f o r c e d  by th e  a p p l i c a t i o n  o f 
th e  a v e r s lv e  s t im u lu s ,  l i g h t ,  f o r  tu r n in g  tow ard  p r e f e r e n c e ;  
th e  rem ain ing  h a l f  o f th e  Ss were r e in f o r c e d  by th e  w i th ­
draw al o f th e  a v e r s lv e  s t im u lu s ,  l i g h t ,  f o r  tu rn in g  
a g a in s t  p r e f e r e n c e .  No d i f f e r e n c e s  between re in fo rc e m e n t  
c o n d i t io n s  were ob served .
Because a l l  o f th e  fo re g o in g  s t u d i e s  u sed  u n d e te r ­
mined adequate  and e f f i c i e n t  s in g le  u n i t  maze b e h a v io r  o f 
th e  Isopod, i t  was p roposed  t h a t  a com prehensive a n a ly s i s  
be u n d e r ta k e n . V a r ia b le s  t h a t  a f f e c t  b e h a v io r ,  such as  
i n t r a -  and i n t e r - a p p a r a t u s  s t r u c t u r a l  c h a r a c t e r i s t i c s  
were s tu d ie d .  I t  was h y p o th e s iz e d  t h a t  t h e r e  i s  an o p t i ­
mal s t r u c t u r a l  c r o s s  s e c t io n  f o r  th e  Isopod maze. The 
a p p a ra tu s  c r o s s  s e c t io n  u sed  may in f lu e n c e  perfo rm ance . 
A p para tu ses  were s e l e c te d  because  th e y  were u sed  f r e q u e n t ly  
in  p re v io u s  s t u d i e s ,  (T and Y mazes) and on th e  b a s i s  o f 
supposed in c r e a s in g  c o n t r o l  p o t e n t i a l  ( c ro s s  m aze).
T h is  s tud y  was d iv id e d  in to  two e x p e r im e n ts .  The
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f i r s t ,  an i n t r a - a p p a r a t u s  s tu d y  u s in g  s t r a i g h t  mazes w ith  
fo u r  d i f f e r e n t  c ro s s  s e c t io n s :  sq u a re ,  c i r c l e ,  t r i a n g l e ,
and s e m i - c i r c l e .  The second, an  in t e r a p p a r a tu s  s tu d y  
u s in g  T, Y, and c ro s s  mazes a t te m p te d  to  de te rm ine  which 
ty p e  of maze was most a p p r o p r ia te  f o r  t e s t i n g  th e  I s o p o d 's  
l e a r n in g  p o t e n t i a l .  The f in d in g s  of th e  i n t r a - a p p a r a t u s  
s tu d y  were in c o rp o ra te d  i n t o  th e  i n t e r - a p p a r a t u s  s tu d y .
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I I .  METHOD
S u b je c ts . The £ s  were 70 Isopods g a th e re d  l o c a l l y  
and u n s y s te m a t ic a l ly  s e l e c te d  from a man-made "e n v iro n ­
ment" c o n s i s t in g  o f  m o is t sponges, r o t t i n g  le a v e s ,  o ld  
wood, and abundant s o i l  and v e g e ta t i o n ,  ^ s  were housed 
in  th r e e  s e p a ra te  1 0 -g a l lo n  t e r r a r iu m s .  F o r ty  Ss were 
u sed  in  th e  i n t r a - a p p a r a t u s  s tu d y ; 30 _Ss were u sed  in  
th e  i n t e r - a p p a r a tu s  s tu d y . Husbandry c o n d i t io n s  were 
re co rd ed  and h e ld  as  c o n s ta n t  a s  p o s s i b l e .  In  o rd e r  to  
i d e n t i f y  Ss d u rin g  th e  tim e th e y  were u sed  in  an e x p e r i ­
ment, each was housed in  an in d iv id u a l  c o n ta in e r .  The 
c o n ta in e r s  c o n s i s t e d  of commercial p a p e r  cups about 
4 - in ,  h igh  w i th  about 2 - i n .  o f  damp mulch in  th e  bo ttom .
No a ttem p t was made to  s e p a ra te  Ss on th e  b a s i s  o f  sex , 
b u t l a r g e r  Ss were u sed  because  t h e i r  s i z e  made them 
e a s i e r  t o  h a n d le .
A p p a ra tu s . The i n t r a - a p p a r a t u s  s tu d y  u sed  fo u r  
s t r a i g h t  mazes c o n s t ru c te d  from .1 2 5 - in ,  t h i c k  p l e x i g l a s s .  
Each maze a llow ed  .0 6 - i n .  m ed ia l  space on b o th  s id e s  o f S*  
The f i r s t  had  a c i r c u l a r  c ro s s  s e c t io n  w ith  an in s id e
8
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d iam ete r  of .25  i n . ;  th e  second had a sq u a re  c ro s s  s e c t io n  
o f . 5 0 - in .  p e r  i n s id e ;  th e  t h i r d  had an e q u i l a t e r a l  t r i a n g l e  
c ro s s  s e c t io n  of .7 5 - in .  p e r  i n s id e ;  th e  f o u r th  had a 
s e m ic i r c u la r  c ro s s  s e c t io n  w ith  a base  . 5 0 - i n ,  a c ro s s  th e  
i n s id e .  These a p p a ra tu s e s  were each used  in  a f l a t  c a rd ­
board c o n ta in e r  14x9x2- i n .  h ig h .
The i n t e r - a p p a r a t u s  s tu d y  began w ith  th e  s im p le s t  
of ch o ice  mazes, th e  T, and p ro g re s se d  by in c r e a s in g  
deg rees  of c o n t r o l  p o t e n t i a l  to  th e  Y maze, which a l lo w s  
fo r  arm /stem  r o t a t i o n  and p ro v id e s  a means of c o n t r o l l i n g  
fo r  p o s s ib le  sce n t  t r a i l s  as  dem o n stra ted  in  th e  e a r t h ­
worm by R e s s le r ,  C ia l d in i ,  Ghoca, and K le i s t  (19 68 ). The 
c ro s s  maze a l lo w s  f o r  ^  m a n ip u la t io n  w ith o u t ex p e rim en te r  
(E) c o n ta c t ,  f o r  arm /stem  r o t a t i o n ,  and f o r  c a n c e l l a t i o n  
of scen t t r a i l  cues .
The T and Y mazes used  a square  c r o s s  s e c t i o n ,  
de term ined  most a p p r o p r ia te  f o r  th e  organism  by th e  s t r i l g h t  
maze s tu d y . Each arm /stem  was 1 .2 5 - In .  long and wide 
enough on ly  f o r  fo rw ard  movement. Because th e  s t r u c t u r e  
was made of t r a n s p a r e n t  p l a s t i c ,  E was a b le  to  see a t  a l l  
t im es  and sh ine  a l i g h t  on ^  when a p p r o p r i a t e .  Blockage 
o f  S_ i n  an  arm or stem d u r in g  p e r io d s  of re in fo rc e m e n t  was
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
by h an d -o p e ra te d  plugs*  A f te r  le a v in g  th e  arm, S was 
m anually  re p la c e d  In  th e  stem between each t r i a l .  With 
th e  Y maze, th e  r i g h t  arm se rv ed  a s  th e  stem f o r  a t r i a l  
by c lo ck -w ise  r o t a t i o n  o f th e  maze a f t e r  each  t r i a l .
A c ro s s  maze was c o n s t ru c te d  w ith  .1 2 5 - ln .  p l e x i ­
g la s s  w a l l s  mounted on a f l a t  lO x lO x .2 5 -ln . th ic k  p l e x i ­
g la s s  fram e. As w ith  th e  T and Y m azes, a square  c r o s s  
s e c t io n  was u sed . Each maze arm was 1 . 2 5 - ln .  long . The 
w id th  o f  th e  arms was such t h a t  S cou ld  e a s i l y  move f o r ­
ward b u t could  n o t t u r n  a round . Each arm co u ld  be tu rn e d  
around 360 d eg rees  by means of a p i v o t .  T h is  e l im in a te d  
h a n d lin g  w h ile  a t  th e  same tim e p o in t in g  S back tow ard 
th e  c h o lc e - p o ln t . The s t r u c t u r e  was t r a n s p a r e n t  f o r  
re a so n s  p re v io u s ly  d is c u s s e d .  The arm ends were c lo s e d  
by fo u r  f ix e d  end p lu g s ,  a g a in s t  which th e  arms were s l i d ,  
and an E i n s e r t e d  p lu g  t h a t  c lo s e d  th e  gap l e f t  n e a r  th e  
c h o ic e -p o in t .  T h is  maze was d es ig n ed  to  c o n t r o l  f o r  
scen t  t r a i l s  a n d /o r  o th e r  chem ica l f a c t o r s  t h a t  th e  organism  
m ight leav e  t h a t  may r e p r e s e n t  so u rc e s  of e r r o r  which can ­
n o t be c o n t r o l l e d  In  a s im ple T maze.
A 6 0 -w att  lamp suspended 4 - l n .  above th e  c h o ic e -  
p o in t  o f a l l  th e  a p p a ra tu s e s  p ro v id e d  th e  re in fo rc e m e n t .
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The lamp wae c o n t r o l l e d  by a f l o o r - o p e r a t e d  sw itch  which 
l e f t  E*s hands f r e e ,  A 5 -w a tt  lamp p ro v id e d  i n d i r e c t  dim 
l i g h t i n g  and rem ained on d u rin g  and between t r i a l s ,  
e n a b lin g  E to  observe  th e  ex p e r im e n ta l  p ro c eed in g s  w h ile  
h o p e fu l ly  be ing  s u f f i c i e n t l y  n o n av e rs lv e  to  a t  l e a s t  
compared to  th e  60 -w att  lamp, A s topw atch  was u sed  to  
measure l a t e n c i e s ,  s t im u lu s  d u r a t io n s ,  and I T I ' s .  A 
h u m id if ie r  (Ward*s c a ta lo g u e  No. X69A6038RT) was used  
co n t in u o u s ly  d u rin g  b o th  s t u d i e s .  Humidity was measured 
d a i l y  by a wet b u lb  hygrom eter . F u r th e r ,  a M ln n eap o lis -  
Honeywell R eg u la to r  Co, c o n s ta n t  re c o rd in g  hu m id ity  and 
tem p era tu re  guage (No, 1571T) was used  c o n t in u o u s ly  d u r in g  
th e  i n t r a -  and th r e e  days d u r in g  th e  i n t e r - a p p a r a t u s  s tudy . 
The pH was m easured d a i l y .  A l l  ^ s  u sed  in  th e  experim ent 
were k i l l e d  by I n d iv id u a l ly  s t o r i n g  in  95% e th a n o l  f o r  
l a t e r  a c c u ra te  sp e c ie s  I d e n t i f i c a t i o n .
P ro ce d u re . For th e  i n t r a - a p p a r a t u s  s tu d y  th e  40 
^ s  were randomly d iv id e d  in to  fo u r  groups of 10 Ss each . 
Each group ra n  on ly  one of th e  fo u r  ty p es  of s t r a i g h t  
a l l e y s .  Each S r e c e iv e d  100 t r i a l s  a t  th e  r a t e  o f 10 
p e r  day, ITI was about 3 0 - s e c , ,  th e  tim e r e q u i r e d  to  
m anually  t r a n s p o r t  from e x i t  to  e n t r y .  R einforcem ent
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was a d m in is te re d  in  th e  form o f th e  a v e r s iv e  l i g h t  s t im u ­
l u s ,  which was sw itched  o f f  when S s  ra n  and l e f t  th e  
a l l e y ,  o r  a f t e r  3 0 0 - s e c . .  The measure was £s* la te n c y  
from on se t o f th e  l i g h t  t o  th e  end o f th e  maze.
For th e  i n t e r - a p p a r a t u s  s tu d y  £ s  were randomly 
d iv id e d  in to  th r e e  groups of 10 £ s  each , one f o r  each 
a p p a ra tu s .  Each group was g iv en  20 p re fe re n c e  t r i a l s  
(10 p e r  d ay ) , and th e n  t r a i n e d  to  tu r n  a g a in s t  t h e i r  
I n d iv id u a l  p r e f e r e n c e .  C r i t e r i o n  f o r  p r e f e r e n c e  was 11 
or more tu r n s  in  one d i r e c t i o n  i n  th e  20 t r i a l s .  ITI 
d u rin g  th e  p re fe re n c e  phase was about A^min. p e r  S ,  which 
was th e  tim e r e q u i r e d  to  run  th e  r e s t  o f  th e  g roup . In  
a l l  g roups, Ss were r e tu r n e d  to  t h e i r  I n d iv id u a l  c o n ta in e r s  
between t r i a l s .  R einforcem ent c o n s i s t e d  o f w ith d raw a l o f 
l i g h t ,  c o n t in g e n t  on th e  d i r e c t i o n  of th e  t u r n .  The l i g h t  
re in fo rcem en t was sw itched  on s im u lta n e o u s ly  w ith  S s ' enfjry 
in to  th e  maze stem . The assum ption  was t h a t  t h i s  p ro c ed u re  
tended  to  f a c i l i t a t e  r a p id  locom otion  to  th e  c h o ic e -p o in t  
b e s id e s  p u n ish in g  an e r r o r  in  c h o ic e .  Upon e n te r in g  an 
arm of th e  maze, ^  was im m edia te ly  b locked  fo r  an a r b i t r a r y  
d u r a t io n  of 1 5 - s e c . .  I f  th e  arm s e l e c te d  was c o r r e c t  in  
te rm s o f  th e  t r a i n i n g  p ro c e d u re ,  th e  n e g a t iv e ly  r e in f o r c in g
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l i g h t  was im m edia te ly  tu rn e d  o f f .  I f  th e  arm s e le c te d  
was i n c o r r e c t ,  th e  l i g h t  was c o n tin u e d  f o r  1 5 - s e c . .  There 
were 10 t r i a l s  p e r  ^  p e r  day. The IT I d u r in g  t r a i n i n g  
was about 3 0 -s e c . - - t h e  tim e r e q u i r e d  to  t r a n s p o r t  
m anually  S from arm e x i t  to  stem en try*  Each ^  was run  
100 t r i a l s .
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I I I .  RESULTS AND DISCUSSION
Hum idity, te m p e ra tu re ,  and pH c o n te n t  d a ta  a r e  sum­
m arized  in  T ab le  I .  I n d iv id u a l  c o n ta in e r s  were w a te red  
tw ice  d a i ly  by p r e s s in g  a Windex sp ray  b o t t l e  th r e e  t im es  
p e r  c o n ta in e r ;  c o lo n ie s  were w a te red  d a i l y  by s p la s h in g  
fo u r  cups of w a te r  on th e  s u r f a c e  of each t e r r a r iu m .  S o l i  
w a te r  was judged  by n o t in g  s o i l  c o lo r  f o r  d a rk n ess  and 
by f e e l i n g  f o r  m o is tu re .  The a t te m p t was t o  av o id  p u d d les  
as  w e l l  as  d ry n ess  in  th e  s o i l  such t h a t  a c o n s ta n t  damp 
s o i l  s t a t e  was m a in ta in e d .
R e s u l t s  from th e  i n t r a - a p p a r a t u s  s tu d y  a n a ly s i s  o f 
v a r ia n c e  a re  summarized in  T ab le  2. F u r th e r  a n a ly s i s  of 
th e  d a ta  u s in g  Duncan’ s New M u lt ip le  Range t e s t  (Edwards, 
1960) w ith  a p r o t e c t i o n  l e v e l  o f ,97 y ie ld e d :  th e  square
c r o s s  s e c t io n  s i g n i f i c a n t l y  d i f f e r e n t  (p  .0 1 )  from c i r é l e ,  
s e m i - c i r c l e ,  and t r i a n g l e  c r o s s  s e c t io n s ;  th e  t r i a n g l e  
c r o s s  s e c t io n  s i g n i f i c a n t l y  d i f f e r e n t  (p  .0 1 )  from th e  
sq u a re ,  c i r c l e ,  and s e m i - c i r c le  c ro s s  s e c t io n s ;  th e  c i r c l e  
and s e m i - c i r c le  c r o s s  s e c t io n s  no t s i g n i f i c a n t l y  d i f f e r e n t  
from each  o th e r ,  bu t b o th  s i g n i f i c a n t l y  d i f f e r e n t  (p  .01 )
14
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from th e  square  and t r i a n g l e  c r o s s  s e c t i o n s .  The o rd e r  of 
c ro s s  s e c t io n s  In  te rm s of s h o r t e s t  to  th e  lo n g e s t  
l a te n c y  was: sq u a re ,  c i r c l e ,  s e m i - c i r c l e ,  t r i a n g l e .
Latency sco re s  a re  p re s e n te d  g r a p h ic a l ly  in  F ig u re  1.
P re fe re n c e  d a ta  p re c e d in g  th e  I n t e r - a p p a r a tu s  s tu d y  
a re  suncnarlzed in  T ab le  1. R e s u l t s  of th e  a n a ly s i s  o f 
v a r ia n c e  of th e  i n t e r - a p p a r a tu s  s tu dy  a r e  summarized In  
Table  2, The s i g n i f i c a n t  (p  .001) A ppara tu sX T rla ls  
i n t e r a c t i o n  su g g e s ts  d i f f e r e n t i a l  l e a r n in g  r a t e s  f o r  each 
a p p a ra tu s .  The t r i a l s  e f f e c t  i n  th e  a n a ly s i s  i n d i c a t e s  
t h a t  a h ig h ly  s i g n i f i c a n t  (p  .001) in c re a s e  in  perform ance 
o ccu rred  a c ro s s  t r i a l  b lo c k s .  However, a s  t h i s  i s  th e  
d a ta  summed a c ro s s  a l l  t h r e e  a p p a ra tu s e s ,  an  a n a ly s i s  o f 
v a r ia n c e  f o r  t r i a l s  f o r  each a p p a ra tu s  was done in  o rd e r  
to  determ ine  in d iv id u a l  l e a r n in g  s ig n i f i c a n c e  le v e ls*
The d a ta  i s  summarized in  T ab le  3.
F u r th e r  a n a ly s i s  of th e  d a ta  u s in g  Duncan 's New 
M u lt ip le  Range t e s t  (Edwards, 1960) w ith  a p r o t e c t i o n  l e v e l  
o f .98 showed t h a t  th e  Y maze produced  s i g n i f i c a n t l y  
(2 .01 ) lower perform ance th a n  th e  T and c r o s s  mazes.
F ig u re  2 shows th e  d a i l y  mean c o r r e c t  re sp o n se s  fo r  each 
g roup .
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Colony s iz e  f o r  each "env ironm ent"  was rough ly  300. 
During a lm ost a y ea r  o f co n tin u o u s  o b s e rv a t io n  c o n d i t io n s  
appeared  to  fa v o r  e i t h e r  an in c r e a s e  in  th e  b i r t h  r a t e  o r  
a d ec re a se  i n  th e  d e a th  r a t e .  Both were p ro b a b ly  th e  
c a s e ,  inasmuch a s  w h ile  many new Isopods ap p eared , dead 
^ s  were r e l a t i v e l y  r a r e .  At th e  end o f a y e a r  th e r e  was 
an in c re a s e  In  co lony  s i z e  of abou t 25%. Room l i g h t i n g  
c o n d i t io n s  c o n s i s te d  m o s tly  o f  d a rk n e ss .  However, d u r in g  
t r a i n i n g ,  th e r e  were s e v e ra l  hou rs  d a i l y  of dim (5 -w a t t )  
l i g h t  in t e r r u p te d  by f re q u e n t  1 t o  3 0 0 -sec .  f l a s h e s  
(6 0 -w a t t ) .
Handling appeared  to  be g r e a t l y  f a c i l i t a t e d  by 
th e  u se  of " n a tu r a l "  s u r f a c e s .  Thus, in  s e l e c t i n g  and 
removing from c o n ta in e r s  a t h i n  p ie c e  of wood was most 
e f f e c t i v e .  I t  was a l s o  n o ted  t h a t  S 's  tendency  to  r o l l  
In to  a b a l l  and rem ain Immobile cou ld  be overcome w ith o u t 
ap p a ren t  i l l  e f f e c t  by an ab ru p t c o n ta c t  w ith  a h a rd  s u r ­
f a c e .  F l ic k in g  S a g a in s t  a p ie c e  of ca rd b o ard  about 2 - l n .  
away or dropp ing  about 1 - in .  onto  a h a rd  s u r f a c e  worked 
w e l l  to  u n c u r l  him. F u r th e r ,  and most im portan t to  
l a b o r a to r y  h a n d lin g  te c h n iq u e s ,  i t  was observed  t h a t  i f  S 
was runn ing  u n a id ed  when e n te r in g  th e  maze stem or s t r a i g h t
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a l l e y ,  th e  p r o b a b i l i t y  of f u r t h e r  locom otion  was g r e a t l y  
in c re a s e d .  Thus, th e  tendency  to  s to p  and rem ain in  th e  
a p p a ra tu s  f o r  long i n t e r v a l s  was a l l  bu t overcome i f  c a re  
was tak en  to  have S runn ing  r a p id l y  w ith  m inim al E i n t e r ­
fe re n c e  p r i o r  t o  maze e n t r y .
I t  was observed  t h a t  th e  t r i a n g u l a r  maze c ro s s  
s e c t io n  a llow ed  immediate overhead  c o n ta c t  o f Ss^  a n te n n a e , 
a c o n d i t io n  no t p r e s e n t  in  o th e r  maze c r o s s  s e c t i o n s .  On 
th e  b a s i s  of t h i s  group*s perform ance i t  i s  sp e c u la te d  
th a t  d o r s a l  th ig m o ta x is  may e x e r t  a n e g a t iv e  in f lu e n c e  on 
forw ard  ru n n in g .
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IV. SUMMARY
T his  s tu d y  was d es ig n ed  to  t e s t  th e  d i f f e r e n c e s  
between maze c r o s s  s e c t io n s  and mazes In  o rd e r  to  d e t e r ­
mine th e  a p p a ra tu s  most a p p r o p r ia te  f o r  t e s t i n g  Isopod 
le a r n in g .  The s tu d y  c o n s i s t e d  o f two p a r t s ,  an  I n t r a -  
a p p a ra tu s  and an I n t e r - a p p a r a tu s  s e c t io n .
In  th e  I n t r a - a p p a r a tu s  s tu d y , s t r a i g h t  a l l e y  la te n c y  
d a ta  were re co rd ed  f o r  sq u a re ,  s e m l - c l r c l e ,  c i r c l e ,  and 
t r i a n g l e  c ro s s  s e c t i o n s .  £ s  ra n  s i g n i f i c a n t l y  f a s t e r  In  
a square  c ro s s  s e c t io n  and s i g n i f i c a n t l y  slow er In  a 
t r i a n g u l a r  c ro s s  s e c t io n ,  w ith  c i r c l e  and s e m l - c l r c le  c ro s s  
s e c t io n s  In te rm e d ia te .  In  th e  I n t e r - a p p a r a tu s  s tu d y , 
c o r r e c t  re sp o n se s  made to  n e g a t iv e  l i g h t  re in fo rc e m e n t  
were re co rd ed  f o r  T, Y, and c r o s s  mazes. R e s u l t s  I n d ic a te d  
t h a t  le a r n in g  a t  th e  .001 l e v e l  o f s ig n i f i c a n c e  o ccu rred  
In  a l l  a p p a ra tu s e s .  However, th e  T and c ro s s  mazes p r o ­
duced s i g n i f i c a n t l y  h ig h e r  perform ance l e v e l s  th an  th e  Y 
maze. D e ta i le d  o b s e rv a t io n s  on husbandry  and e c o lo g ic a l  
c o n d i t io n s  were r e p o r te d .
18
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TABLE 1 . —Mean, s ta n d a rd  d e v ia t i o n ,  and range f o r  h u m id ity , 
te m p e ra tu re ,  pH, and t r i a l s  to  p re fe re n c e  
c r i t e r i o n .
CONDITION MEAN SD RANGE
HUMIDITY IN 
PERCENT 71 6 .1 59 to  81
TEMPERATURE IN 
FAHRENHEIT 69 2.82 63 to  79
TERRARIUM pH 7 .3 .06 6 .9  to  7 .5
INDIVIDUAL 
CONTAINER pH 7.2 .04 6 .9  to  7 ,4
TRIALS TO PRE­
FERENCE CRITERION
T MAZE 18.1 .59 15 to  20
Y MAZE 18.1 .59 15 to  20
CROSS MAZE 18.2 .52 15 to  20
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TABIE 2 , - “A n a ly s is  of v a r ia n c e  f o r  i n t r a -  and in te r -  
a p p a ra tu s  s t u d i e s ,  r e s p e c t i v e l y .
SOURCE DF MS F
MAZES (A) 3 542.87 2.90*
ERROR 36 187.05
TRIAL BLOCKS (B) 9 50.98 5.03**
A X B 27 8.17 .81
ERROR 324 10.14
* p .05
** p .001
SOURCE DF MS F
APPARATUSES (A) 2 43.01 15.47*
ERROR (a) 27 2.78
TRIALS (B) 9 61.65 68.50*
A X B 18 3.39 3 .37*
ERROR (b) 243 .90
* p .001
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TABLE 3 , - -A n a ly s ts  o f v a r ia n c e  f o r  T, Y, and Cross 
mazes, r e s p e c t i v e l y .
SOURCE DF MS F
TRIALS 9 32.05 55.26*
S ’S X TRIALS 81 .58
*2 .001
SOURCE DF MS F
TRIALS 9 14.27 22.31*
S'S X TRIALS 81 .64
*2 .001
SOURCE DF MS F
TRIALS 9 22.11 45.12*
S 'S  X TRIALS 81 .49
*2 .001
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